Twenty-three resistance trained men 18 to 35 y (23 (3) y, 1.8 (0.1) m, 81 (10) kg body mass, 2.3 (1.1) y resistance training experience; mean (SD)) performed repeated maximal voluntary isometric squats (ISQ) and countermovement jumps (CMJ) pre-and +30 min post a unilateral microbiopsy of m. vastus lateralis. ISQ and CMJ were simultaneously measured by two force plates sampling ipsilateral (biopsied) and contralateral (non-biopsied) limb force. Bilateral limb force (ipsilateral + contralateral) and imbalance (ipsilateral · bilateral -1 ) data are reported as % change from pre-biopsy (mean [95 % CI]). A post-biopsy reduction in bilateral ISQ peak force (-17 [-23, -11] %; P < 0.001), ISQ rate of force development (RFD) (-28 [-41, -15] %, P = 0.002) and CMJ peak take-off force (-7 [-13,-1] %, P = 0.019) occurred. Imbalance was observed for ISQ peak force (3.2 [2.1, 4.3] %, P < 0.001), RFD (2.8 [1.6, 4.0] %, P < 0.001) and CMJ landing (3.3 [1.0, 5.6] %, P = 0.009), resultant of a force transfer from the ipsilateral (biopsied) to the contralateral (non-biopsied) limb. These data suggest that in young, resistance trained men a modulatory influence on maximal voluntary static and dynamic lower-body contractile function is evoked acutely (+30 min) following a microbiopsy of m. vastus lateralis.
INTRODUCTION
This paper reports an observation from a recent study investigating the effect of protein feeding on the rate of muscle protein synthesis in resistance trained men aged 18 to 35 y (NCT03297151 registered at https://www.clinicaltrials.gov). The protocol for this study required subjects complete measures of lower-body contractile function pre-and +30 min post microbiopsy of m. vastus lateralis.
Open 1 and semi-open 2,3 biopsy procedures have been shown previously to reduce contractile function, affecting unilateral isokinetic strength 4 and running mechanics. 5 More recently minimally invasive microbiopsy techniques 6 have also been employed in sport and exercise science research. 7, 8 To the authors' knowledge the effect of the microbiopsy procedure on contractile function is not known. Here, we report the change in lower-body static and dynamic maximal voluntary contractile function pre-and +30 min post-a unilateral microbiopsy of m. vastus lateralis in resistance trained men 18 to 35 y. Independent measurement of contractile function of the biopsied (ipsilateral) and non-biopsied (contralateral) limb determined potential force imbalance between limbs as a result of the biopsy. These findings may have important implications for sport and exercise science research, particularly when biopsies and measures of contractile function are performed in temporal proximity.
METHODS

Ethical Approval
The University of Limerick Research Ethics Committee (2016_12_09 EHS) approved the study design and procedures, which conformed to the standards set by the Declaration of Helsinki. Subjects were informed fully of the risks and benefits associated with participation before providing written informed consent. The study was registered at https://www.clinicaltrials.gov (NCT03297151).
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Subjects and Experimental Protocol
Eligibility criteria was: (i) men (ii) 18 to 35 y; (iii) resistance trained (i.e. reporting > 0.5 y continuous resistance training > 3 h per wk, prior to the study), (iv) no current injury, illness or disease, (v) not currently taking any medication. Twenty-three men (age 23 (3) y, 1.8 (0.1) m, 81 (10) kg body mass, 2.3 (1.1) y resistance training experience; mean (SD)) were recruited to the study. Subjects reported to the laboratory for three consecutive days, the same time each day (between 06.00 and 09.00), postabsorptive (~ 10 h), and having performed no other formal exercise for 3 d prior to testing. On day 1 subjects were familiarised with the isometric squat (ISQ) and countermovement jump (CMJ) tests. On day 2, 24 h prior to the biopsy, ISQ and CMJ measurement were repeated providing prebiopsy test data. On day 3 ISQ and CMJ was measured +30 min following a unilateral microbiopsy of m. vastus lateralis. Contractile function was not measured immediately prior to the biopsy as it may interfere with primary aim of the study.
Measures of Lower Body Contractile Function
The measurement of maximal voluntary ISQ force was undertaken by a custom made squat rack with a fixed barbell, adjustable in height, positioned above two force plates (AMTI, Watertown MA) and bolted to the floor. Squat posture was fixed (110° knee angle) and left and right foot positioning on the plates was marked, recorded and repeated for each subsequent measurement. Once positioned in contact with the barbell, force was tared and on an audible cue, subjects were given standard verbal encouragement to push into the barbell as fast and forcefully as possible for at least 3 s. This was repeated three times with 3 min rest between attempts. Ground reaction force data was sampled at 1 kHz and excluded if any countermovement was evident. Peak isometric force (PIF) was defined as the highest 1 s average ground reaction force attained during the three attempts ( Figure 1 ). The rate of force development (RFD) was derived from the slope of the force-time trace
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(∆force•∆time -1 0 to 150ms from the onset of the contraction; Figure 1 ). 9 Root mean square error (RMSE) and coefficient of variation (CV) calculated from the repeat attempts on day 2 was: 29 N (4.4 %) for PIF and 435 N·s -1 (16.2 %) for RFD.
A countermovement jump (CMJ) was used to measure lower-body dynamic force. To prevent nonvertical movement between take-off and landing, subjects were instructed to place hands on hips and keep their body straight throughout, landing in the same upright toe-first position as for takeoff. Subjects repeated tests 3 times with 3 min rest between attempts. Peak jump height (i.e. vertical displacement calculated from flight time 10 ), peak and average force during the upward phase of the jump (pre-take off), and ground reaction forces (GRF) on landing were used as criterion measures Adopting two force plates (one under each foot) with resting mass equally distributed, enabled simultaneous measurement of ipsilateral and contralateral limb force. Bilateral force was defined as the sum of forces generated by each limb, i.e. ipsilateral force + contralateral force. Force-balance, or imbalance, was calculated as the difference between the pre-to post-biopsy ipsilateral and contralateral limb forces expressed as a % distribution of the total bilateral force, i.e. (ipsilateral force·100) · (bilateral force) -1 . Measurement order was the same for all subjects each day (i.e. ISQ test -3 min rest -CMJ test).
Measurement of Muscle Pain
Immediately following ISQ subjects were asked to quantify general subjective feelings of muscle pain during the ISQ test, using a 10 cm visual analog scale (VAS). The VAS descriptors were 'no pain' (0 cm), to 'worst possible pain' (10 cm).
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Microbiopsy
Unilateral microbiopsy samples were taken mid-belly of m. vastus lateralis following a standard procedure. 6 Briefly, anaesthetic (5ml 1 % lidocaine (Braun, Dublin)) was injected superficial to the facia and the skin was then punctured with a 14-gauge insertion cannula perpendicular to the limb and advanced through the facia into the muscle. Muscle tissue was then sampled using a 14-gauge spring-loaded microbiopsy needle. Samples were then: washed in ice-cold saline, frozen in liquid N 2 and weighed. Samples were 51 (SD 12) mg, ranging from 29 to 78 mg.
Statistics
Data are expressed as mean (SD) in standard units and mean % change [low, high] 95 % confidence interval (CI) pre-to post-biopsy. Ipsilateral and contralateral limb imbalance is expressed as % force distribution of the ipsilateral (biopsied) limb to the total bilateral force (i.e. 50 % indicates equal force distribution between limbs). There was no control group in this study. Therefore, to assess the effect of the microbiopsy, direct comparison was made pre-to post-biopsy (i.e. day 2 vs. day 3) via student's t-tests (α = 0.05), effect size (d) 11 and 95 % CIs (RStudio 1.1.383). Normality and homogeneity of variance was confirmed prior to statistical analysis.
RESULTS
A reduction in bilateral static (ISQ PIF and RFD) and dynamic (CMJ) lower-body contractile function
was observed post-biopsy (P < 0.05) (Table 1, Figure 1, Figure 2 ). Imbalance between the ipsilateral (biopsied) and contralateral (non-biopsied) limb was noted for CMJ GRF, ISQ PIF and ISQ RFD, with force transfer from the ipsilateral (biopsied) to the contralateral (non-biopsied) limb ( Table 2) .
Although bilateral dynamic contractile function decreased pre-to post-biopsy, no discernible imbalance was noted prior to take-off during the CMJ ( Table 2 ).
An increase in pain was reported post-biopsy (22 [15, 29] %, d = 1.4, P < 0.001).
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DISCUSSION
In sport and exercise science research muscle biopsies are often performed in temporal proximity to tasks requiring contractile function, 3, 12 which has enabled a greater understanding between the phenotype, 7, 8, 13, 14 metabolism, 3, 15 energy status 16 and the mechanical properties of the muscle. In the present study we report that in resistance trained men aged 18 to 35 y, +30 min following a microbiopsy of m. vastus lateralis an acute inhibition of static and dynamic lower-body contractile function, with force-transfer shifting away from the biopsied limb during measurement. It has been shown previously that biopsy of m.vastus lateralis reduces running performance 5 and isokinetic knee extensor strength 4 causing muscle pain, 6 muscle damage 19 and inflammation. 20 Based on the findings from the present study we assert that biopsy of m.vastus lateralis also reduces measurement accuracy and performance for tasks requiring maximal voluntary (static and dynamic) contractile function. Thus, we urge caution when planning and designing experiments using these measures and highlight the importance of an appropriate control during acute biopsy studies (e.g. independently measured contralateral limb or an independent subject group), as potentially prebiopsy assessment of contractile function may prompt physiological change for some more sensitive measures (e.g. mRNA, protein phosphorylation, enzyme activity, substrate availability and metabolite accrual).
From these data we cannot discern the cause of the force deficit following the biopsy, however, studies investigating the effect of nociceptive stimulation have reported perceptual increases in pain disrupting force transmission during sustained voluntary contraction. 17, 18 Indeed, in the present study all subjects reported a consistent increase in muscle pain following the procedure, with the force deficit and limb imbalance most evident during the sustained static contraction (i.e. ISQ vs. dynamic CMJ). Acute inhibition of force has been reported previously following more invasive biopsy procedures, 4, 5 which are known to cause pain and discomfort. Given the absence of any other likely
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cause arising as a result of the procedure, we posit that in the present study, the biopsy-induced pain is still most plausible explanation for the acute loss of force. Although here we are only able to report an acute inhibition of contractile function +30 min following the procedure, other acute biochemical 20 and morphological 19 changes have been reported following muscle biopsy. In order to ascertain when accurate measures can be made, it may be pertinent for future research to outline the full temporal recovery profile of the muscle postbiopsy.
PERSPECTIVES
In resistance trained men 18 to 35 y, capable of producing forceful/powerful muscular contractions, a minimally invasive unilateral microbiopsy of m. vastus lateralis causes an acute inhibition of lowerbody bilateral contractile function and an imbalance between limbs. In sport and exercise science research biopsies are frequently performed alongside measures of contractile function. Based on these observations, authors recommend caution when planning and designing experiments using both of these measures in temporal proximity.
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